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The  Adsorpiion  of  i;,.u.  hy  Carho,,,:,;!  I.,,,,,,,, 

By  Stiaki  M,  I  I  VN,  \\   \ 
Prvsc-nted  l,y  l>«o,..  K   ,.•   H,  Krox.  |  .R  S,( 

(^••■'.l  .M,l>    \lr,,,,,k;,   |i)|.,  I 

rile  tiTlii  "adstiriifiiin"  :  i-    . 

'"    coMtart    with    ,lu.„,       lor   rh   r.        '  •'•7"rl..nK  « ..■,  ,|,.,  arr 

^akcs  plan,  rapi.l!^,  r..„uiri„'  ,""  *^'."  """"  "-  ^"^f"'"'.  whirl. 

•"""'.  -cl  a  slow  .lifus  on  J,  "  •  ■  ;ir  h'""'"^  '"  '•'■■'^•''  ^'-  '-i- 
t.Vs=  claim  that,  in  a  few  .asj  LT.  f''  ""  ,""^:'"^-  ^""-  ■'""'.,ri- 
action  acn.„,pani.s  the  pnHvl    '    'h  i  "V''''''" '  '''^''  ''""'-■'I 

rHT.„a,u.ntI>.  '"  '"  "'•"  ^""'•-  "f  "•'■  K-a.  is  a-lsorU-.l 

rile  ohii'ct  of  thi.  fifi:f  1- 

w^  to  in  J,,  J  ;j: ;:::- ;:-:;—;.:;-  '^^  <-;nu...  ..-o. 

'^ed  I.Knite  ami  how  that  amount  ihCk  '  '''""''''''  "^  '■'"■'"'"- 
and  the  temp.Tau.re  of  the  Cu  tse  J  '"'•"''"  "^  ""•  «- 
was  undertaken  to  det,.rmine  th  „  .;  '"""'', ^•'^'^'^  "f  •'Xivriments 
t"  find  out  whether,  o  "  t  ^  '^r'  , ''"  .'"•"■^^'  '''^''^■< ''■•"^• 
adsorption  takes  plac-e  '      '""'"■''   ^"■"•"'   '"■  rK-r„une„t 

S.anS|'!r--X;:.-'-;^w.  ,,,.,,., 

J^^sj^t;:sr^t-':hr-^^^^^ 

temperatures.  Befo  each  ex  '  ''"'  If  ""'  "^^"^'"'^  ^^  ""''"arv 
heated  to  a  ten,..ra  urrsuffiX  'r"? '  \  """^'^^  '"'  "«"''''  -- 
absorbed   gas  and   whHe   ht    X    '  ""  '""  ='">'  f'"'-""^'^' 

exhausted.  '    *^*^  apparatus  containing   the.n   was 

"« from  ,he  „.,  „■;  ,h':   p™;'r;     b     tV        ''  ","'"'  '"»>■  '"■  ■'"" 

'  McBain,  Phil.  Mag.  18.  1909.     p,      o,.^        ' - 

•Arrhenius:   Theories  of  Solutions. 

■  '"< .  ivc  , .  aoc.  of  Canada.     1919. 
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Figure  1 

Xurm-d  and  the  lignite  ex[K)sed  to  the  gas  until  the  pressure,  read  on 
the  manometer  L,  became  constant.  Since  its  density  had  been 
determmed,  the  volume  of  the  lignite  in  the  tub^  X  could  be  calcu- 
lated. Subtracting  this  from  the  volume  of  tl-  empty  apparatus, 
which  had  been  previously  determimd,  tht  voluir.e  of  the  unadsorbed 
gas  in  the  apparatus  is  found  which,  together  with  the  pressure  will 
give  the  amount  not  absorbed.  The  c'lfTerence  between  this  amount 
and  the  amount  of  gas  admitted  was  considered  to  lie  the  amount 
adsorbed. 

In  all  measurements  given  below,  the  volumes  of  gas  ar«  reduced 
to  standard  temperature  and  pressure. 


1.    Time  Required  for  Equilibrium 

In  o'der  to  obtain  some  idea  as  to  the  time  required  forequilib- 
r.  im  between  the  adsorbed  and  unadsorbed  gas  to  be  attained,  a 
measured  amount  of  dry  air  was  admitted  to  the  apparatus  and  al- 


ADsoRrrioN  or  (.asks 


l"wt<l  ♦»  k-  in  rnneact  with  thi-  liKniu-  uhic  h  wa,  k..,.,  .» 

interval,  U,r  th.-  .h  J  "u  Cl    «    ,     ,  "  t;;"'""'-^'  '  '  ^7^'  '■'•"-  '' 


I 


I'miik   I 


t,'x  =  a  +  l)t 


where  a  and  b  are  constants. 
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Kigurc   1 
2.       iNFI.LIi.NCIi  OK  Tk.MPERATI  KliS  0\  TIIIC  AUSORI- TION  OF  GaskS 

E.xiK-riments  on  the  adsorption  of  air  were  carried  out  at  three 
temperaturt-s.  20°r.,  -78°(-.  and  -190°(-.  The  first  temperature 
was  "btamed  by  immersinK  the  lignite  tube  in  a  water  bath  contained 
.n  a  hqu.d  air  flask  and  kept  constant  at  2()°C-.:  the  second,  by  using  a 
ni.xture  of  sohd  carbon  dioxide  and  ether,  the  carbon  dioxide  being 
added  at  intervals  to  keept  it  at  the  same  temperature,  and  the  third 
by  using  liquid  air.  Before  it  was  admitted  to  the  apparatus,  the  air 
was  carefully  dried  by  phosphorous  pentoxide. 

The  following  table  gives  the  results  of  the  experiment  with  the 
lignite  at  20 C: 

Table  II 


Amount 

1      Time  for 

.Amount 

admitted 

!    saturation 

adsorbed  (\) 

l.Og  .X 

76  Sec. 

.SO  hours 

29-5  cr. 

l-47() 

156-8 

00-4 

1-781 

236-6 

89-6 

1-952 

279-0 

l(»6-4 

2-027 

321-9 

122-7 

2-089 

363-2 

137-1 

2-137 

397-9 

147-9 

2-170 

.  ressure 

(P) 


119     mm. 

243-0 

370-5 

4.55-0 

502  0 

570-0 

6.50-0 


Log  p. 


2-076 
2-386 
2 -.569 
2-639 
2-701 
2-756 
2-799 
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line  12*  i„''"3)'''XV''h''''''  '7  "■  ;'"■  """  ■•""■"«'  »  "  «'»*!.. 

x  =  ap' 

.taTbn.T'b::.:!™''''"'"-    '"'»"""""«  ■""  """  -■-  in  .hi, 

x=-43p-9 

ture  of  ""Z  r''"  ''■"'•'^"'"^';'  "f  f''«^  lisnite  was  „„,ch  helow  the  tem,x>r . 
turt  <,f  the  n,«n,  a  correction  had  to  be  made  for  the  fall  of  "^^^" 
■n  the  apparatu.  due  to  the  cooling  of  the  11,.  ite  tule     T  ' 

of  th,s  correction  was  determined  experimen  1  Th  ^.''  ^"""""' 
removed  and  the  tiiln^  filh.H  ,  -.u  '•^''*^"""^"t'»">  •  The  lignite  was 
material  (copl)      Th  " "^  y'      ""  "^"''''  ^^l""^*^  "^  ^  non-absorbing 

of  pressure  no^d      A  se HeTof "'  ^'"'  T^  *''^"  ^'^f'''"'  -"'  ^^e  fall 
u.L  iioitu.    -'^  series  of  readings  showed  thTf  »h,.  f-,11    i 

•s  proportional  to  the  initial  pressure      Th,  u       '"'''''"'■'^ 

p.i«. ,.  .1, ...  p„..„  ™<„- - -:••  j,t  xr  ,j°:ji:,"„- 

The  following  result,  „„e  oblained  .ilh  ,hc  lignite  a,  -  ;«•,-, , 


- 
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Table  III 

Amount 
admitted 

Limit  for           Amount 
saturation    ,     adsorbed 

Log.  X 

Press. 
P 

Log-  P 

126-5 
541   1 
826  4 

36  hours      1     116-3  cc. 
450-4 
645-3 

2-066 
2-654 
2-810 

234     mm. 

207-1 

413-8 

1-369 
2-316 
2-617 

The  equation  for  x  and  p  for  this  temperature  is  of  the  same  form 
as  before  (see  Fig.  3) 

x  =  17-7p*' 
One  reading  was  made  with  the  lignite  at  liquid  air  temperature: 
Table  IV' 


Amount 
admitted 


Time  for 
saturation 


Amount 
adsorbed 


939-6  cc. 


60  hours 


888 -Occ. 


Log. 


2-948 


Press. 


Log.  p. 


81  -6  mm. 


1-912 


The  Adsorption-  of  Carbon  Dioxide 

An  experiment  on  the  adsorption  of  carbon  dioxide  was  made 
with  the  lignite  at  20°C.  The  gas  used  was  that  which  is  manufactured 
commercially  and  it  was  dried  by  bubbling  it  through  strong  sul- 
phuric acid  before  it  was  put  into  the  apparatus. 

The  following  results  show  that  carbon  dioxide  is  adsorbed  much 
more  readily  than  air: 


Table 

V 

Amount 

Time  for 

Amount 

Pressure 

admitted 

saturation 

adsorbed  (x)  | 

Logx 

(p.) 

Log  p. 

420-6  cc. 

10  hours 

375-2  cc. 

2-574 

114   mm. 

2-057 

631-4 

537-2 

2-730 

237  0 

2-375 

758 -8 

626-7 

2-797 

332-0 

2-521 

886-9 

711-7 

2-852 

438-5 

2-642 

1051   1 

810-4 

2-009 

602-5 

2-780 

[mcleaxI 
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Figure  4 


1-     J^^T^^f°''P*'"«"-Pressure  equation  for  carbon  dioxide  with   the 
hgnite  at  20''C.  was  found  to  be:  (see  Fig.  4). 


x  =  42-7  p- 


The  Adsorption  of  Hydrogen 


With  the  lignite  at  20°C..  very  little  hydn,,.en  is  adsorbed.  The 
fol  owing  results  were  obtained  but  they  do  not  conform  to  those 
obtained  for  other  gases : 


T 

.^PLE  VI 

Amount 
admitted 

.Amount 
adsorbed  (x) 

Log  X 

Pressure 

(P) 

1 

l-og  P- 

99-4  cc. 
141-1 
182-4 
224-6 

2-8  cc. 
5-2 
7-4 
13-6 

1 

■447 

-716 

-869 

1  - 134 

243  mm.  • 

342 

440 

535 

'  2-3S6 
2-534 

(  2-644 
2-728 

1 
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3.    Test  of  Possihle  rHEMicAi.  (  omiiination  of 

I-KiMTE  AM)  CiASES 

takes  p  ace.  the  apparatus  shown  in  Fis.  5  was  set  up.     Five  samples 
o    hgn.te  carb„n.sed  at  d.fferent  temperatures  were  put  in  the  tube! 

105  C.  -^50  C,  4.(K  .  and  .5()°C.  They  had  not  U-en  exposed  to 
he  a.r  smee  carbonisation  except  where  they  were  transferred  to 
hese  tulH-s  and  then  they  were  immediately  heated  to  their  res.K.c- 

tive  temperatures  and  each  tuU-  exhausted. 

The  weight  of  each  tube  was  found  and  the  hgnite  exposed  to 
the  gas  for  a  time  sufificient  for  saturation  to  take  place.  The  tuU-s 
were  then  >^-eighed,  heated  out,  exhausted  and  weighed  again.  If 
the  last  weight  was  appreciably  difTerent  from  the  t^rst.  then  chemical 
action  or  permanent  adsorption  must  l)e  taking  place. 

Readings  were  made  for  three  gases:  dr>-  nitrogen,  drv  oxvgen 
and  moist  oxygen.  The  results  are  given  in  Tables  VII,  VIII  and  IX 
In  the  first  colunm  is  given  the  temperature  at  which  the  lignite  was 
carbonised;  column  2  gives  the  net  weight  of  the  lignite  and  column 
3  the  weight  after  the  lignite  was  saturated  with  the  gas  at  atmos- 
pheric pressure,  the  difference  denoting  the  gas  absorbed  is  gixvn  in 
the  next  column.  Column  5  repeats  column  2.  and  column  6  gives  the 
final  net  weight  of  the  lignite  after  it  had  been  heated  and  exhausted 
The  last  column  gives  the  difference  between  the  initial  and  final 
weights  of  the  samples,  and  consequently  shows  the  net  gain  or  loss 
in  weight  during  the  whole  fyperation. 


T.XBLE   VII 
Dry  Nitrogen 


Sample 


First 
Weight 


S<cond 
Weight 


Difference 


Raw 

1     .>X 

•7174 

5S  ■  7(W() 

-3196 

105°C 

57 

■546S 

57-SS72 

-04(M 

.?SO°C 

51 

6405 

51-6832 

■0246 

450°C 

47 

9<)74 

48  0266 

■0294 

5S0°C 

43 

6116 

43-6276 

•0160 

First 
Weight 


Last 
Weight 


Difference 


58-7174  I  58-,W(M  i  --3270 

57 -.5468  57-5486  -f -0018 

51-6406  51-6,!60  -0046 

47- 9074  48  0042  \  + -(^78 

43-6116  43-5985  -0131 
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Table  VI IF 
Dry  Oxygen 


Sample 


Raw 
105°C 
3S0°C 
450'C 

U 

550°C 


First 
Weight 


Second 
Weijfht 


58  ■  390*  I 
57  9976  I 
57-5486  I 
57-5580  ; 
51-6360  j 
51-7546 
48-0042  i 
47-2041  I 
43-5985  i 
42-5328  i 


58-4095 
58-0158 
57-6(M8 
57  6100 
51-7812 
51-9074 
48-1636 
47-4244 
43-7154 
42-6366 


Difference 


•0181 
-0182 
-0562 
■0520 
-1452 
-1528 
-1594 
•2203 
•1169 
•1038 


First 
Weight 

58-3904 
57-9976 
57-5486 
57-5580 
51-6360 
51-7546 
48-0042 
47-2041 
43 ■ 5985 
42-5328 


Last       I   Difference 
Weight    j 


57-9922 
57-9474 
57-5572 
57-5594 
51-6336 
51-7158 
47-9064 
47-1508 
43-5732 
42-4222 


+  •3982 
-0502 
+  0086 
+  0014 
-0024 
-•0388 
-0074 
-0533 
-•0253 
-1106 


Table  IX 
Moist  Oxygen 


Raw 
105°C 

350  -: 

4S0°C 
S50°C 


57^9474 
J7^S594 
517158 
47-1508 
42-4222 


57-9681 
57-6126 
51-8690 
47-3561 
42-5870 


-0207 
-0532 
•1532 
•2053 
•1648 


57-9474 
57-5554 
51-7158 
47-1508 
42-4222 


57-9025 
57-5670 
51-7098 
47-1156 
42^4238 


-0451 
+  0076 
-0060 
-0342 
+  0016 


From  the  above  tables,  the  toIIowH;glo;;:;i;;^ons  may  be  drawrT: 
!•  Oxygen  .s  adsorbed  much  more  readily  than  nitrogen. 

adsorbeJ  Tf!"-"""."^  ^'T  ''"P""''  '^^"'^'^^  ^^e  amount  of  gas 
adsorbed.  Th.s  ,s  shown  from  the  last  two  tables.  The  weight  of 
the  amount  adsorbed  is  not  increased  and  the  weight  indudls  hat  of 
the  watf.r  vapour  taken  up  by  the  samples 

casesth^e^'Th?r"r'  "t°?^'°"  ^^^es  place  since  there  are  but  few 
cases  where  the  I.st  weight  .s  greater  than  the  first  ,d  these  mav  be 
due  to  experimental  .  rror.  ^ 

Ites   tha     ir  ""'  'u'  ''''  ""■^''^  -^  '^^^  ^h-  the  first  bdi- 

^tes  that   the  oxygen  combmes  with   the   lignite   forming  carbon 

i:;S',iir.  -  ^'"" "' "'-  "^ '-'-  -^  ^-"^-  »«"/^^" 

This  work  was  done  under  the  direction  of  Professor  E.  F.  Burton. 
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